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SUMMARY

The available data on the effects of tralling-edge
modifications on the pitching-moment characteristics of
airfoils have been collected and briefly analyzed. With
the control-surface gap sealed, the location of the air-
foil aerodynamic center moved forward as the included
angle between the upper and lower surfaces of the airfoil
at the tralling edge was lncreased and as the airfoil
thickness at 0.9 chord was increased, The variation of
pitching-moment coefficient with control-surface deflec-
tion, at constant 1ift coefficient with gap sealed,
decreased as the trailing-edge angle was Increased but
the effects of the airfoil thickness near the tralling
edge could not be determined because of insufflclent data.

The addition of roughness to the airfoll leading
edge appeared to intensify the tendency of tralling-edge
modifications to move the aesrodynamic center. Changes
in Reynolds number within the test range did not appear
to change the effects of trailing-edge modifications on
the pitching-moment characteristics. No attempt was made
to determine the effects of unsealed control-surface gaps
on the pitching-moment characteristics because of the
scarcity and inconsistency of the data.

INTRODUCTION

Recent unpublished tests of a complete model in the
LMAT, 7- by 10-foot tunnel showed that the location of the
wing aerodynamic center was approximately 5 percent of
the wing chord ahead of the location computed from large-
scale tests of the airfoil sections. When an attempt was
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made to find the cause of the discrepancy, 1t was noted
that the trailing edge of the wing had been modified from
the basic cusped contour to a slightly bulged contour and
that no account had been taken of thls change in computing
the aerodynamic-center location for the model wing. Some
of the available data indicated that about one half of

the difference in aerodynamic-center location could be
attributed to thils trailing-ecdge modification.

Previous Investigations and analyses of data on
trailing-edge modifications (references 1 to 6) have been
concerned primarily with hinge-moment characteristics of
control surfaces., The present paper 1is an attempt to
extend the previous work to include the airfoll pitching-
moment characteristics, It was thought advisable to
include at the same time an analysls of the effect of
trailing~edge modifications on the variation of pitching-
moment coefficlent with control-surface deflection for
possible application to wing-twist problems in lateral
control at high speeds,

SYMBOLS

cy, section 1ift coefficient

Cr section pitching-moment coefficilent about airfoil
quarter-chord point

a angle of attack, degrees \

o control-surface deflection relative to airfoll
chord line, degrees

c airfoil chord

Cp control-surface chord back of hinge line

g trailing-edge angle; that 1s, included angle

between upper and lower surfaces at tralling
edge of airfoil or control surface, degrees

t0.9c thickness of the airfoil section at 0.9 chord

aiz) wing-tip helix angle, radians
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rste of roll

b wing span
Re effective Reynolds number (EXE'X Turbulence facto%)
o
1l .2
q dynamic pressure Epv
v velocity of airstream
o} mass density of alr
0 ooefficientiof viscosity of air

6cm
[¢] =
mc'[, bC’L

>—where subscripts outslde parentheses
- indicate factors held constant
°mg = 55 A during measurement of parameters
1
A% increment of trailing-edge angle, where angle of

true~contour surface is used as ba

At0.9c‘ increment of airfoil thickness at 0.9 chord,
where true-contour surface 1s used as base

increments of slopes of pitching-moment curves,
Acm5 where data for true-contour surface is used
. as bass

AVATLABLE DATA

All the data used in the present analysis consist
of measurements of section characteristics (infinite
aspect ratlio) and were obtalned from references 1 to 5
and unpublished data from Langley Memorial Aeronautical
Laboratory and Ames Aeronautical Iaboratory. The prin-
cipal geometric characteristics and test conditions for

the various models a[ﬂ E:Qe% i“n ic%?iifnl. The sglopes of




Iy UNEL:A&SQ&FIEDNACA CB No. LLI30

the pitching-moment curves were measured at an angle of
attack of 0° and with the control surface neutral. The
slopes are applicable over ranges of a eand & of
approximately £5° and 109, respectively.

DISCUSSION

Previous analysis of the effect of tralling-edge
modification on control-surface hinge moments (reference 6)
indicated that the trailing-edge angle was a convenlent
basis for correlation of the data. The present analysis,
although made on the same basis, indicated that when the
trailing-~edge angle was used as a parameter a consistent
variation in the location of the airfoil aerodynamic
center with changes in airfoll thickness near the trailing
edge still occurred; accordingly, the thickness at the
0.9-chord station was arbitrarily chosen as an additional
paraneter. :

TLocation of the airfoil serodynamic center.- The
gffect of trailing-edge modifications on the location of
the aerodynamic center with reference to the quarter-
chord point and expressed in terms of the slope of the
pltching-moment curve (dop/dc;), 1s shown in figure 1,

which was derived from cross plots of the data of refer-
ences 1 to 5 and of. unpublished data., The wvalues in
this figure are presented as increments based on the
characteristics of the normal sirfoil profile. As the
inclvuded angle between the upper and lower surfaces of

the airfoil at the tralling edge is increased, and as

the thickness at 0.9¢ is increased, ths aerodynamic center
moves forward,

A comparison of the measured values of Acmc with
/

the computed values determined from figure 1 1s presented
in figure 2., Fixing transition near the airfoil leading edge
(three symbols with downwerd flags) appears to intensify
the tendency of the trailing-edge modifications to move
the aerodynamic center, Figure 2 also indicates that
changes in Reynolds number (symbols with upward flags)
do not appear to affect the aerodynamic-center locatlon,
since only one of the points which indicate a high
Reynolds number is an appreclable distance from the line
of agreement and that one point is accompanied by a point
which indicates a low Reynolds number for the same airfoill,
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For a complete airplane model recently tested in the
IMAL 7~ by 10-foot tunnsl (unpublished data), the wing-
trailing-edge angle was increased by about 15° and the
thickness at 0.9c was increased about 0.012c when the
airfoil was modified from the basic cusped contour to a
slichitly bulged contour. This change in tralling edge
would move the aerodynamic center of the wlng forward by

about 2% percent of the wing chord, which for this model

would result in a tail load of about twice the estimated
tail load in a pull-out from a dive. The magnitude of
this increase in tail load was, of course, a function of
the particular model characteristics and would not be
expected to apply to other airplane models.

Variation of pitching-moment coefficient with control-
surface deflection.- The effect of trailing-edge modifi-
cations on the variation of pitching-moment coefficient
with control-surface deflection at constant 1lift is shown
in figure 3 for control-surface chords of 20, 30, and
LO percent of the airfoil chord. TIncreasing the trailing-
edge angle reduced the ncgative value of the slope of the
curve of pitching-moment coefficient plotted against
control-surface deflection at constant 1ift coeffi-
cient cmé. Some additional effects of Reynolds number

and airfoil tﬁickness unGoubtedly exist but the data were
not sufficient to allow an evaluation of these effects.

A comparison of the data from figure 3 with that
from figure 1(a) of reference § indicates that a change
of 10° in the trailing-edge angle will change the value
of Cmg by 20 to 30 percent of the value for a plain

NACA 0009 airfoil section. Inasmuch as the loss of
lateral control for constant aileron deflection at high
speeds is primarily caused by wing twist, which in turn
1s approximstely proportional to the value of cm6 at
constant 1ift, changes in the trailing-edge angle can be
seen to have an appreciable effect on the lateral control
available at high speeds.

As a check on the preceding analysis, flight-test
measurements of the rolling effectiveness of cusped and
of beveled aillerons were compared to determine the effect
of the bevel on the rate at which wing twist reduced the
effectiveness at high speeds. The effectiveness data
were taken from reference 9 and from unpublished flight
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data for the same airplane and are presented in figure L
asg curves of ég%/éﬁ plotted against dynamic pressure.
2

The value of cm5 for the cucped aileron was estimated

from unnublished data, and the increment due to the bevel
was chtained from figure 3(a). At indicated airspeeds
above 300 miles per hour, the measured rate of loss of
)
aileron effectiveness with speed ———Tg———~— for the
q

beveled sileron was 71 percent of that for the cusped
aileron, and the rate of loss of affectivensss for the
bevecled aileron obtained by usinz only the ratio of the
estimated cy values for the two allerons and neglecting

Mach number effects was 6l percent of that for the cusped
aileron.

CONCLUSTONS

Analysis of available data on the effects of tralling-
edge modifications con the pitching-moment characterlstics
of airfoils indicates the following conclusions:

1. The airfoil aerodynamic center moves forward as
the trailing-edze angle is increased and as the airfoil
thickness at 0.9 chord is increased.

2. The variation of pitching-mcment coefficilent
with control-surface deflection at constant 1ift coeffl-
cient decreases as the trailing-edge angle 1ls lncreased.

3. Fixing transition near the airfoll leading edge
appeared to intensify the tendency of trailing-edge
modifications to move the aerodynamlc center,

l. Changes in Reynolds number do not appear to
change the effects of trailing~edge modifications on the

 UNGLASSIFIED
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pitching-moment characteristics when the trailing-edge
angle and thickness near the airfoil trailing edge are
used as parameters.

Langley Memorial Aeronautical Laboratory
National Adviscry Cormittee for Aeronautics
Langley Field, Va. :
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NACA CB No. L4130 Fig. 2
Airfoll of/o  Reference Re Leading edge
4 NACA 0009 0.30 1 3,8 x 105  gmooth
o NACA 0009 «20 2 2,4 Smooth
© NACA 0009 90 2 2.4 S8mooth
& NACA 00Q9 « 40 2 2,4 Smooth
O NACA 66(215)-014 « 30 3 2,8 Smooth
Q NACA 66(215 ;-014 30 3 2,8 Rough
W NACA 66(215)-216, a = 0,6 .15 4 9.2 Smooth
B NACA 66(215)-216, a = 0,6 .20 4 9.2 Smooth
XY NACA 66(215)~216, a = 0,6 ,20 5 9.2 Smooth
v NACA 66(215)-216, a = 0,6 ,20 Unpublished 3,8 Smooth
Vv NACA 66(215)-216, & = 0,6 ,20 Unpublished 8,5 Smooth
4 NACA 653-418 ~~—~ Unpublished ,75 Smooth
A RACA 655-h18 === Unpublished ,75 Transition wire
at 0,100
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